Greenhouse and field studies examined the effect of flower or seedhead removal on leaf senescence and associated changes in sunflower (Helianthus annuus L.) plants. At intervals during seed development, selected leaves (leaves 6 through 8 from the top in the greenhouse and leaf 7 from the top in the field) were harvested and analyzed for chlorophyll, specific leaf weight, N, P, soluble protein, and electrophoretic gel profiles of soluble polypeptides. In both the greenhouse and the field, the leaves of headless plants retained or accumulated more N, P, soluble protein, and dry weight than leaves of plants with heads. Obviously, head removal affected the partitioning of these metabolites during seed development. None of the treatments resulted in the formation of new polypeptides (electrophoretic gel profiles). Comparisons of the rates and extent of loss ofchlorophyll, soluble protein, and polypeptide bands (especially ribulose 1,5-bisphosphate carboxylase) from the leaves of headed and deheaded plants showed that head removal delayed the rate of development of leaf senescence for the greenhouse-grown but had much less effect on fieldgrown plants. These findings illustrate the variability in different parameters commonly associated with the leaf senescence processes of headed and deheaded sunflower plants grown under different environments.
Senescence has been described as the natural deteriorative process leading to death of an organ or organism (12) . This process is complex, controversial, and not well understood, especially with respect to the causal factor(s) (26) . Additional information concerning the cause, course, and control of senescence is of agronomic importance because of the high positive correlation between leaf area duration and grain yield (9) .
There are no comprehensive theories of senescence (13) . Most of the published work describes changes that are the reflections of symptoms rather than the cause of senescence. Of the several 'theories' of the cause of senescence, two have been most frequently cited. The first, 'nutrient drain' or 'self-destruction,' concerns the translocation or redirection of nutrients from the vegetation to the fruit or seed ( 15, 22, 23) . The second concerns hormones or hormonal balance as a potential trigger of senescence, as described by Leopold and Kriedemann (13) and further promoted by Nooden and co-workers (14, 18, 19) . These workers propose that a senescence-inducing compound is synthesized in the seed of soybean plants and transported via the xylem to the leaf.
Wittenbach (28, 29) found that leaves of depodded soybean plants (cv Wye) accumulated more dry weight, and retained Chl and protein longer than leaves of podded plants. However, photosynthetic and RuBPCase' activities (functional activities) declined more rapidly in depodded plants. Because DAP, days after planting. depodding resulted in de novo synthesis of four polypeptides (30) , he concluded that depodding altered leaf function (became a sink) rather than delaying or preventing senescence. CraftsBrandner et al. (7, 8) reported similar results from depodding soybean plants (cv Harosoy), except that RuBPCase was only initially lower in the leaves of depodded plants. By maturity, the depodded plants had accumulated as much dry weight (net photosynthesis) and N in the above ground parts as the podded plants. Apparently the presence of pods only altered the partitioning of plant constituents (7) . Based on the seasonal profiles ofChl, and activities ofthe functional enzymes nitrate reductase, nitrogenase and RuBPCase, the initiation of leaf senescence was similar for podded and depodded plants (7, 8) .
Although Moss (17) reported that the prevention ofpollination (ear bagging or removal) delayed senescence in maize, other workers (1, 3, 25) found such treatments accelerated leaf and plant senescence. Subsequent work (5, 6, 27) resolved this conflict by showing the response was a reflection of genotype. A detailed comparison of such divergent genotypes (5, 6 ) permitted the conclusion that the ear per se does not fully dictate the initiation and course of senescence. It appears that metabolic interactions of the whole plant are involved. Although other workers have noted that carbohydrates accumulated in the leaves in response to ear removal, the changes in carbohydrates and nitrogenous compounds were judged to be symptoms (5, 6) rather than the cause of senescence (1, 3) .
Seed or fruit removal has been reported to accelerate leaf senescence for pepper (10) and barley (16) and to delay senescence for sunflower (20) . These and other divergencies in senescence response to elimination of seed or fruit development emphasize the complexity of the senescence response. Thomas and Stoddart (26) stated that senescence is a genetically controlled and programmed process that can be modified by external factors. Although it can be inferred that hormones or hormonal balance could initiate the senescence process, other initiation processes are possible (26 (Fig. 1  A and B) . In the greenhouse by 53 DAF, the leaf weight of preand postflowering deheaded plants was 174 and 246% greater than leaf weight of headed plants, respectively. There was no effect of time of deheading on leaf weight until 44 DAF (Fig.  IA) (Fig. I B) . With (Fig. 1, C and D) . A possible explanation for this difference is that in the absence of a reproductive sink, the leaf acts as an alternate sink for deposition of photosynthate. (Fig. 2, A (Fig. 2, C and D) . Although for all treatments at 12 DAF, the field plants had almost 2-fold more leaf soluble protein than comparable greenhouse plants, all headed plants had lost similar amounts (14-15 mg) of protein per unit leaf area by time of grain maturity. For the headed field plants the loss of protein from the leaves was rapid, occurred early during-grain development, and was of short duration (17-37 DAF). For the headed greenhouse plants the loss of protein was gradual and near linear between 12 and 47 DAF. The leaves of the headless field plants lost 9 mg protein dm 2 between 12 and 58 DAF, while the loss from the headless greenhouse plants ranged from 1 to 3 mg protein dm 2 of leaf depending on time of deheading.
Reduced Nitrogen. Under field as well as greenhouse conditions, the leaves of all headless plants maintained or increased their reduced N concentration (mg dm 2 basis) during the experimental period (Fig. 2, C-F) . These data indicate that the headless plants remobilized little N to root or stalk when the seed sink was removed. Alternatively, if remobilization of N from the leaf occurred, ultimately it was more than balanced by N newly acquired from the soil or from other plant parts. As with soluble protein, all field-grown plants had more (about 2-fold) total reduced N in their leaves than comparable greenhouse plants. The loss of reduced N per unit leaf area was greater for the headed field plants (10 mg dm-2) than for the headed greenhouse plants (7 mg dm-2), but the percentage of loss was greater for greenhouse plants.
Gel Electrophoresis. For both greenhouse-and field-grown plants at 25 DAF, PAGE resolved the soluble proteins of the selected leaves into 16 detectable bands regardless of treatment (Fig. 3, A and B) . Although the same amount of protein was processed for application to each well, the number of detectable bands and/or the staining intensity of all bands decreased progressively with each successive sampling date. However, the loss in detectable bands and the staining intensity was greater for the headed than the headless plants, especially for the greenhouse plants. By 47 DAF only two polypeptide bands were detected for the headed greenhouse plants while 13 bands were evident for the headed field plants.
No new or different protein bands were detectable on the gels regardless of treatment or age of plant (Fig. 3, A and B) . At 47 DAF, leaves of headless greenhouse plants had as much, and headless field-growns plants had 75% as much soluble protein as at 25 DAF (Fig. 2, C and D) . However, for all treatments, much less of the extractable protein was detectable after electrophoretic separation of the extracts from the oldest than from the youngest leaves (Fig. 3, A and B) .
The hydrolysis. As a result, more of these small protein fragments could have been lost from the gel during electrophoresis.
Phosphorus. Regardless of environment, head removal ultimately resulted in significant increases in P concentration in the leaves (Fig. 2, G and H (Fig. 2, G and H) . (Figs. 1,  2) . These data indicate that in the absence of seeds the leaves served as an alternate sink for photosynthate and that seedhead removal altered the partitioning of metabolites within the sunflower plant. These findings are consistent with the results obtained in depodding studies with soybean plants (7, 8, 28, 29) .
Using the rate and extent of loss of Chl (Fig. 2) and soluble protein (Figs. 2, 3) as criteria of senescence, head removal from greenhouse plants caused a marked delay in the rate of leaf senescence while head removal from field plants had much less effect. Little RuBPCase was detectable on the gel at 47 DAF for the headed plants grown in the greenhouse while strong bands (staining intensity) of RuBPCase were evident for both headed and headless field plants (Fig. 3) . For the headed plants, the amounts of protein applied to the well represents 1.5-and 3.0-fold more leaf area than for comparable headless plants. If (20) observations that head removal delayed the loss of Chl and leaf senescence of field-grown sunflower plants. Under our field conditions and with the cultivar, SunGro 372A, the loss of Chl was delayed for only 3 weeks following deheading and by the end of the grain-filling period leaves of headed and headless plants had the same Chl concentration (Fig. 2B) . However, leaves of headless plants retained more soluble protein per unit leaf area than leaves of headed plants (Fig. 2D ). These soluble proteins may represent a retention of anabolic type enzymes. In general, we conclude that removal of heads from sunflower plants delays the development of senscence symptoms and that the rate of development may be altered by environment and probably by cultivar.
The goal of the gel electrophoresis work was to attempt to identify different (newly synthesized) proteins in the leaves of deheaded sunflower plants. No new polypeptide bands were detected (Fig. 3) . Consequently, this work is in agreement with similar work with maize (6) and in disagreement with the work with soybean (28, 29) . Based on the lack of a major increase in concentration (Fig. 2) or content of soluble protein or reduced N of the deheaded plants, there was little evidence that the leaves were acting as a sink for nitrogenous compounds. In the absence of seed, the N was not remobilized to other plant parts.
